We discuss the results obtained by fitting the lattice data of the gauge-invariant field strength correlators in QCD with some particular functions which are commonly used in the literature in some phenomenological approaches to high-energy hadron-hadron scattering. A comparison is done with the results obtained in the original fits to the lattice data.
Introduction
The gauge-invariant two-point correlators of the field strengths in the QCD vacuum are defined as D µρ,νσ (x) = g 2 0|Tr G µρ (0)S(0, x)G νσ (x)S † (0, x) |0 , ( with A µ = T a A a µ , is the Schwinger phase operator needed to parallel-transport the tensor G νσ (x) to the point 0. "P" stands for "path ordering": for simplicity, we take S(0, x) along the straight-line path from 0 to x.
These field-strength correlators play an important role in hadron physics. In the spectrum of heavy QQ bound states, they govern the effect of the gluon condensate on the level splittings [1, 2, 3] . They are the basic quantities in models of stochastic confinement of colour [4, 5, 6] and in the description of high-energy hadron scattering [7, 8, 9, 10] .
In the Euclidean theory, translational, O(4)-and parity invariance require the correlator (1.1) to be of the following form [4, 5, 6] :
+(x µ x ν δ ρσ − x µ x σ δ ρν + x ρ x σ δ µν − x ρ x ν δ µσ )
where D and D 1 are invariant functions of x 2 .
These functions D(x 2 ) and D 1 (x 2 ) have been determined (in the Euclidean theory) by numerical simulations on a lattice in the quenched (i.e., pure gauge) theory, with gaugegroup SU(2) [11] , in the quenched SU(3) theory in the range of physical distances between 0.1 and 1 fm [12, 13] and also in full QCD, i.e., including the effects of dynamical fermions [14] . It is convenient to define a D (x 2 ) and a D ⊥ (x 2 ) as follows:
(1.4)
In Fig. 1 [12, 13] . Λ L is the fundamental constant of QCD in the lattice renormalization scheme, in the pure-gauge case: its value, extracted from the string tension [15] , turns out to be about 4.92 MeV for the gauge group SU(3) and in the absence of quarks.
In Fig. 2 (3) and N f = 4 flavours of staggered fermions with a quark mass m q = 0.01 in lattice units [14] . In Fig. 3 we display the corresponding results for the quark mass m q = 0.02 [14] . Λ F is an effective Λ-parameter for QCD in the lattice renormalization scheme, for the gauge group SU (3) and N f = 4 flavours of quarks. It was defined in Ref. [14] , where the value Λ F ≃ 1.07 MeV was derived and used.
In Refs. [12, 13, 14] best fits to the lattice data with the functions 5) were performed: the results obtained for all the various cases are reported in Table I . From these results one sees that, in order to obtain a fit with a good χ 2 /N, it is necessary to include a perturbative-like term behaving as 1/|x| 4 (indeed, a term of this form is predicted by ordinary perturbation theory; see for example Ref. [16] and references therein) in addition to the nonperturbative exponential term in the parametrization for both D and D 1 . In Table I we also report the results from the fits to the restricted set of data of the correlators obtained in Ref. [12] , corresponding to physical distances |x| ≥ 0.4 fm: in this case a fit with only the nonperturbative exponential terms for D and D 1 turns out to be acceptable.
In this paper we report the results obtained by fitting the lattice data of the gaugeinvariant field strength correlators in QCD, displayed in Figs. 1-3, with some particular functions which are commonly used in the literature in some phenomenological approaches to high-energy hadron-hadron scattering. In Sect. 2 we give a brief review on the new parametrization used for the best fits and the results so obtained are discussed. In Sect. 3 some quantities of physical interest are extracted from our best fits and compared with the corresponding results obtained in the original fits to the lattice data.
New fits to the lattice data
In this section we discuss the results obtained by fitting the lattice data reported in Figs. 1-3 with the following functions:
whereD(x 2 ) andD 1 (x 2 ) are so defined:
K 0 and K 1 are the modified Bessel functions. These expressions for the nonperturbative parts of D and D 1 , i.e, the expressions reported in Eqs. (2.1) and (2.2), with the exclusion of the perturbative-like 1/|x| 4 pieces, were first proposed in Ref. [10] . They are extensively used in the literature in many phenomenological approaches to high-energy hadron-hadron scattering (see for example Refs. [10, 17, 18] and references therein). Before discussing the results of the fits, we shall remind the reader of some technical details about the parametrization (2.1). The functionsD(x 2 ) andD 1 (x 2 ) are normalized to 1 in
As we shall discuss in the next section, this implies that the parameter G 2 in Eq. (2.1) should be identified with the gluon condensate. The parameter κ measures the nonAbelian character of the correlator: in fact, κ = 0 in an Abelian theory, if there are no magnetic monopoles, while there is no reason for the D-term to vanish in a non-Abelian theory. The expression forD(x 2 ) in Eq. (2.2) comes from the following ansatz:
where the length-scale a enters into this parametrization as a "correlation length", being defined as
The correlation functionD(x 2 ) is negative at large distances, with the following asymp-
The functionD 1 (x 2 ) is chosen such that
which leads toD 8) and then to the expression in Eq. (2.2).
The results of the fits to the lattice data using the parametrization (2.1)-(2.2) for D and D 1 are reported in Table II . The continuum lines in Figs. 1-3 have been obtained using the parameters of these best fits, in the cases where all the parameters were free.
Also in this case, one sees that, in order to obtain fits with a good χ 2 /N, it is necessary to include the perturbative-like terms ∼ 1/|x| 4 in the parametrization for D and D 1 . The coefficients a 0 and a 1 turns out to be comparable with (even if slighlty smaller than) the coefficients derived in the corresponding cases in Table I , obtained using the parametrization (1.5). Even restricting the set of data to those obtained in Ref. [12] , corresponding to physical distances |x| ≥ 0.4 fm, one finds that a fit with only the nonperturbative terms in Eq. (2.1), i.e., fixing a 0 = a 1 = 0, is more acceptable (when compared to the same fit applied to the entire set of data between 0.1 and 1 fm), but the χ 2 /N is still too high (∼ 3.8). When all the parameters in the fit are free, the χ 2 /N turns out to be acceptable in all the various cases examined, even if it is systematically a bit larger than the χ 2 /N obtained in the corresponding cases examined in Table I , using the original parametrization (1.5).
Therefore, we can conclude that the expressions (2.1)-(2.2) are a good parametrization of the correlators D and D 1 , in the range of physical distances where the lattice data are available (i.e., 0.1-1 fm for quenched QCD and 0.4-1 fm for full QCD). However, the parametrization (1.5) appears to be slightly preferable. In the next section we shall discuss some quantities of physical interest which can be extracted from the results of the best fits in Tables I and II. 
Discussion
Three quantities of physical interest can be extracted from our fits to the lattice data:
(1) The correlation length l G of the gluon field strengths, defined as ("np" stands for "nonperturbative", in the sense explained in the previous sections)
2) The so-called "gluon condensate", defined as
The results obtained are summarized in Table III . For the fits using the parametrization (2.1)-(2.2) we also display the values predicted for the string tension σ in the so-called "Stochastic Vacuum Model" (SVM) [4, 5] . In fact, in this model and using the form of Eqs. (2.1)-(2.2) for the correlators, one obtains [4, 5] the area law for a Wilson loop with the string tension given by
The values reported in Table III are obtained using as inputs in Eq. (3.4) the values of κ, G 2 and a derived from our best fits. For a comparison, the experimental value for the string tension σ is about 0.18-0.19 GeV 2 .
The quantities l G and G 2 play an important role in phenomenology. The correlation length is relevant for the description of vacuum models [4, 5, 6] . The relevance of the gluon condensate was first pointed out by Shifman, Vainshtein and Zakharov (SVZ) [19] . It is a fundamental quantity in QCD, in the context of the SVZ sum rules.
The physical meaning of the κ parameter has been already discussed in the previous section: it measures the non-Abelian character of the correlator, since one expects that κ = 0 in an Abelian theory with no magnetic monopoles present. This parameter appears explicitely in the parametrization (2.1), by virtue of Eq. (2.3). Instead, using the parametrization (1.5) one finds the following expression for κ:
From the results reported in table III, one sees that, in both parametrizations (1.5) and (2.1)-(2.2), the parameter κ appears to decrease when increasing the quark mass, tending towards the pure-gauge value (obviously, when evaluating the field strength correlators (1.1), the quenched, i.e., pure-gauge, limit coincides with the large quark-mass limit, m q → ∞). In other words, the non-Abelian character of the correlator D appears to increse when approaching the chiral limit m q → 0. The values of κ obtained using the parametrization (2.1)-(2.2) in all the cases examined are a bit larger than the corresponding values of κ obtained using the parametrization (1.5). Now let us discuss the results for the correlation length l G . Using the parametrization (1.5) one easily finds l G = λ A , while in the parametrization (2.1)-(2.2) one has l G = a, according to Eqs. (2.5) and (2.3). From the results in table III, one sees that both λ A and a decrease by increasing the quark mass, when going from chiral to quenched QCD. Obviously, the difference between λ A and a is due to the different parametrization used for the correlators. Now we come to the gluon condensate. As pointed out in Ref. [14] , the lattice provides us with a regularized determination of the correlators. We shall briefly repeat here the argumentation originally reported in Ref. [14] , for the benefit of the reader. At small distances x a Wilson operator-product-expansion (OPE) [20] is expected to hold. The regularized correlators will then mix to the identity operator 1, to the renormalized local operators of dimension four, 
The mixing to the identity operator C 1 (x) shows up as a c/|x| 4 behaviour at small x. The mixings to the operators of dimension four C g (x) and C f (x) are expected to behave as constants for x → 0, while the other Wilson coefficients in the OPE (3.6) are expected to vanish when x → 0 (for dimensional reasons). The coefficients of the Wilson expansion are usually determined in perturbation theory and are known to be plagued by the so-called "infrared renormalons" (see for example Ref. [21] and references therein). In the same spirit of Ref. [14] , we shall assume that the renormalon ambiguity can be safely neglected in the extrapolation for x → 0 of our correlators. With the normalization of Eq. (3.6), this gives C g (0) ≃ 1. On the same line, the contribution from the quark operators in (3.6) can be neglected, for the reasons explained in Ref. [14] . Within these approximations, one immediately recognizes that the parameter G 2 in the parametrization (2.1)-(2.2), with the normalization condition (2.3), coincides with the gluon condensate as defined in (3.2). Moreover, when using the parametrization (1.5) for the correlators, one obtains the following expression for the gluon condensate:
For both parametrizations (1.5) and (2.1)-(2.2), the gluon condensate G 2 appears to increase with the quark mass, as expected [22] , tending towards the asymptotic (pure-gauge) value. However, the values of G 2 extracted from the fits using the parametrization (2.1)-(2.2) are more than a factor two smaller than the corresponding values of G 2 extracted from the fits using the parametrization (1.5), in all the cases examined.
As explained in Ref. [14] , one can try to extrapolate to the physical gluon condensate, making use of the following low-energy theorem, which holds for small quark masses (m f ≪ µ, µ being the renormalization scale) [22] : 
TABLE CAPTIONS
Tab. I. Results obtained from a best fit to the data of the gauge-invariant field strength correlators with the functions (1.5), in the various cases that we have examined: "q" stands for "quenched" data in the range of physical distance between 0.1 and 1 fm [13] ; "q*" stands for "quenched" data in the range of physical distance between 0.4 and 1 fm [12] ; "f (I)" and "f (II)" stand for "full-QCD" data with quark mass (in lattice units) 0.01 and 0.02 respectively [14] . An asterisk ( * ) near the value of some parameter means that the parameter was fixed to that value.
Tab. II. Results obtained from a best fit to the data of the gauge-invariant field strength correlators with the functions (2.1)-(2.2), in the various cases that we have examined: the notation used is the same as in table I.
Tab. III. The values of some quantities of physical interest extracted from the best-fit results in Tables I ("exp" ) and II ("bessel") in the cases where all the parameters were free. Reported errors refer only to our determination and do not include the uncertainty on the physical scale. 734 (21) 354 (10) 713 (7) 0 ( * ) 0 ( * ) 0 ( * ) 27 Table II theory [12, 13] , while the curves are obtained from our best fit with the functions (2.1)-(2.2) [fit no. 1 in Table II] . Data are taken from Ref. [14] , while the curves are obtained from our best fit with the functions (2.1)-(2.2) [fit no. 7 in Table II 
